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(57) Abstract 

The positions and angular orientations of cameras used to cover a predetermined volume such as a hall or sports field are optimized 
by a combination of a genetic algorithm and a simulated annealing algorithm. In the genetic algorithm, first, random initial solutions 
are generated. A local search is performed around each of the random initial solutions to find a locally optimized solution. A random 
mutation is applied to each of the locally optimized solutions to obtain a mutated solution. The mutated solutions are recombined to obtain 
recombined solutions, which are sorted by coverage level. The recombined solutions having the highest coverage levels are selected for the 
simulated annealing algorithm. The simulated annealing algorithm begins by randomly generating a new solution which is separated from 
the recombined solution by less than a predetermined search radius. A coverage level is calculated for the new solution. The simulated 
annealing algorithm is reiterated until a global, rather than merely local, optimization is achieved. In the algorithms, each solution at each 
state is represented by a matrix whose orders equal the number of cameras to be placed and the five degrees of freedom of each camera 
(three coordinates of position and two coordinates of angular orientation). The mutation can also be used to optimize the number of cameras 
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MF.THOD FOR OPTIMIZATION OF VIDEO COVERAGE 

pf.ff.rf.ncf: to related application 

This application claims the benefit of U.S. Provisional Application No. 60/124,931, 
filed March 18, 1999, whose disclosure is hereby incorporated by reference in its entirety into 
5 the present disclosure. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to video coverage of a given space using fixed cameras 
in which each camera has a predetermined three-dimensional orientation (azimuth and 
10 elevation) and more particularly to a method of optimizing the placement and angular 
orientation of the cameras. 
Description of the Related Arts 

Real and still remote video systems cover a given space by a multiplicity of video 
cameras. The video cameras may be fixed or mobile. Firstly, each camera has a location and 
1 5 angular orientation that may be defined by the vector (x, y, z, 0, <f>) where x, y, z are the three- 
dimensional coordinates and 6 and d> are the azimuth and elevation of the camera line of sight 
are relative to the x, y, z coordinate system. Secondly, we will define a e s and cc^ as the 
maximum field of view for each camera and c as a cost attribute. We will define the space to 
be covered as a three-dimensional surface of points x h y k defined by a height coordinate z for 
20 each x h y k . A set of N cameras will be defined by M, an N^S matrix. Mobility is defined as a 
change in any one of the above mentioned vector (or matrix) values. The level of mobility is 
determined by the mechanical mounting of the camera. 
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A coverage priority level is defined such that for each point (x^z,) a priority of 
coverage value, P p is assigned. 

Further we define a coverage level criterion CL that for each given matrix M 
represents the quality of coverage. 
5 The prior art provides no efficient way to optimize CL. Trial and error should not be 

relied upon. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to determine the best location and angular 
orientation for a given set of cameras, best covering a predetermined three-dimensional area. 
10 The invention is based on building a computerized three-dimensional model (like a DTM 
map) of the area to be covered, setting coverage priorities to each point on the three- 
dimensional surface and using an efficient combination of mathematical optimization 
techniques to set the best location of cameras required to obtain a predefined level of quality. 
It is a second object of this invention is to determine the best subset of cameras, 
1 5 locations and orientation, chosen from a predefined set of cameras. That is, the number of 

cameras is optimized along with their positions and angular orientations. The selected set will 
have minimal total cost while maintaining a predefined criteria of coverage. 

The present invention provides a method of selecting a plurality of fixed camera 
locations and angular orientations and which in one embodiment is capable of reducing the 
20 total required number of cameras to cover a given three dimensional space. Each single 
camera has a mechanical installation point and fixed orientation (elevation and azimuth 
angles relative to a chosen coordinates system). The cameras are capable of optical zoom in 
and zoom out and electronic selection of the view within the mechanical limitation of the 
camera mount. The method determines the number of cameras required to cover a 
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predetermined space (hall, sports field or any other defined location) within required 
performance criteria. Further, the method provides a mechanical mounting location for each 
of the selected cameras, and the installation orientation. 

The cameras can be of the sort that have electronic navigation capabilities only. This 
invention can be used with remote access real and still video applications. 

The optimization problem for a given space is to find the number N of cameras out of 
the scl of Kz M cameras, and the values (x,y,z, 0, (f> t a ei , a^c^ 0<i<N which will meet a 
predetermined level of CL. In addition, the optimization technique will optimize the 
coverage for a given level of coverage. 

The optimization technique utilized is a combination of genetic algorithms and 
simulated annealing. 

Genetic algorithms are local search methods where the neighborhood generation 
mechanism is inspired by real life process of genetics and evolution. In particular, the current 
sub-optimal solution is modified by "splicing" and "mutation" to obtain the next generation 
solutions. 

Simulated annealing is a simulated technique, which allows to provide an efficient 
search with a mechanism allowing not to be stuck in one local minimum. 

The combination allows exploitation of both optimization techniques to produce a 
robust fast converging solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will 
become apparent from the following description, taken in conjuncture with the accompanying 
drawings in which: 
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Fig. 1 is a view for describing the three-dimensional model of the area to be covered 
by the plurality of cameras. 

Fig. 2 is a view of the three-dimensional model describing the ceiling of the above 
model. The ceiling here means the maximum allowable height of the camera. 

Fig. 3 is a view of all the parameters of the camera. 

Fig. 4 depicts a high-level flowchart of the suggested method. 

Fig. 5 depicts the camera footprint calculation. 

Fig. 6 describes the recombination process. 

DETAILED DESCRIPTION OF THE INVENTION 
Invention Overview 

The present invention will hereafter be described with reference to the accompanying 
drawings. 

Fig. 1 is a view for describing the three-dimensional model 100 of the area to be 
covered by the plurality of cameras 102. For each pair of coordinates x, y we define a height 
z. The vector (x,y,z) defines a point in space which is the surface to be covered. The surface 
here can describe the ground level or the outside of the building which the system has to 
cover. 

Fig. 2 is a view of the three-dimensional model 200 describing the ceiling 202 of the 
above model 100. The ceiling here means the maximum allowable height of the camera. 
This value can be set from the actual height of the area roof, the maximum height determined 
by safety reasons, the maximum height of a camera carrying construction. The ceiling is 
defined by the vector (x,y,zj, which sets the boundary conditions for the optimization 
algorithm procedures. 

Fig. 3 is a view of all the parameters of the camera 102: 
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x The x location of the camera: 
y The y location of the camera, 
z The z location (height) of the antenna. 
0 The azimuth of the camera, relative to the x axis, 
cj) The elevation of the camera, relative to the x,y plane. 
Fig. 4 is a high level description of the method according to either of the preferred 
embodiments to be set forth below. First we input a three-dimensional view of the area to be 
covered which is the set of points (x,y,z) (step 402). Then we input the ceiling of the area 
which sets the boundary condition for the location of the cameras (x,y,zj (also step 402). 
Further, we input the coverage priority for each point on the surface P(x,y,z) (step 404). 

The next step is to define the optimization parameters (details are discussed later) 
(step 406). These parameters include (but are not limited to): number of iteration for the 
genetic algorithms, algorithm parameters, number of output solutions, number of iteration of 
the simulated annealing simulation parameter. 

The genetic algorithm is activated to produce several solutions (step 408). For each 
solution simulated annealing technique will be used to improve the quality of the solution 
(step 410). 

Fig. 5 describes the method by which the coverage of a single camera is calculated. 
According to the view field, the presence or absence of each line of sight 502 is analyzed 
from each point in the area. 

Three-dimensional model of the area to be covered 

The areas to be covered are defined by a three-dimensional model. The model is a set 
of a finite number of vectors (or points in space). The model is typically (but not necessarily) 
defined by a polygon that bounds the x,y plane and a resolution which sets the horizontal 
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distance between any two adjacent points. The same structure applies to the ceiling of the 
model which can be viewed as a second layer in a three-dimensional map and to the priority 
of coverage criteria which is attached to each three-dimensional point. 

Higher quality results can be obtained if a second layer of "roof level" polygons is 
available in a matrix format. Such a layer can improve significantly the accuracy of the 
model, and hence the quality of the coverage. 

An intermediate set is defined as L(x,y,z). For each point in the model, and a given 
set of cameras position and space orientation, L(x,y,z) is defined as the number of cameras 
that have lines of sight to (x,y,z). Under this definition L(x,y,z)=0 means that the specific 
point is not covered by any of the cameras. 

Coverage quality calculation 

The coverage quality will be calculated by the following formula: 



*EHx,y t z) kl 'P(x,y,z) a 

CL = w 



J^P(x 9 y 9 z) a 



where k, and k 2 are calibration factors used to calibrate the relevant importance of the various 
points. A large k, optimizes the coverage with emphasis on coverage diversity, i.e., several 
cameras for each point on the model. A small k, optimizes the system to have at least one 
camera over each point. Similarly, a large k 2 optimizes the coverage with strong advantage to 
the high priority points, while a small k 2 lessens the impact of priority for a given coverage. 

Two preferred embodiments will now be set forth. In the first, the number of cameras 
is given; in the second, the optimization determines a cost-effective number of cameras. 
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1) 



Optimization method: a given set of cameras 



Setting global optimization parameters 



The optimization parameters to be set are: 



Iter_genetic 



number of genetic algorithm iterations 



Num of iter_solutions 



number of solutions (M matrixes) that will be generated 



by the genetic algorithm. 



Iter_annealing 



number of simulated annealing algorithm iterations (for 



each of the Num_of_iter_solutions. 



For iter_genetic=0, the optimization procedure will not include the genetic algorithm 



phase and the required number of intermediate number of solutions determined by the 
parameter num_of_iter_solutions will be generated automatically. 

If the number of the simulated annealing iterations as defined by the parameter 
Iter_annealing is set to zero, the parameter Num_of_mter_solutions will automatically be set 
to 1 . The selected M matrix will be the result of the genetic algorithm. 

Genetic algorithm to optimize three-dimensi onal coverage for a given set of cameras 
Algorithm local parameters : 

Size_of_population - number of feasible solutions to be used in the simulation 
Differential_step - (dx i5 dy i? dz i5 d0 i? dcfc) the differential step for each variable 
Local_search iteration - number of local search iterations 

mutation_probability - the probability that a specific value will be changed in the 

mutation phase. 

Urv - intermediate parameter, random variable. 
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power of_bias - the urv defined earlier is raised to the power of power_of_bias and 
provide adjustment to the level of randomness in the selection process. For power_of_bias=0 
no randomness is introduced to the process. 
The algorithm's flow 
Step 0 - init: 

Define randomly a set of size_of_population M feasible matrixes. 
Repeat steps 1-4 iter_genetic interations 
Step 1 - local search 

For each matrix M out of the size_of_population number of matrixes, repeat. 
Local_search iteration number of iterations: 

1 . 1 Calculate the coverage level indicator CL 

1.2 Calculate the coverage level indicator CL for (N*5) differential moves, 
each defined by the size of the relevant value in the differential^step parameter. 

1 .3 Change the value of the matrix which generated the higher level of CL, 
the change of the value will be in the size of: new value = oldvalue - 
differential_step*(CL new -CL oid ), where the differential step is selected to the appropriate 
variable under consideration. 

1.4 If(CL new -CL old )-0,stop. 

At the end of this step we have size_pf_population. 
Step 2 - Mutation 

For each value of each matrix (total of size_of_population*N*5 values) determine 
with probability level of mutation_probability whether this specific value will be changed. 

For each of the to be changed values, calculate a new matrix with the specific value 
according to the following equation. 

New value = Old value + random number. 
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Step 3 - Recombination 

Randomly select a number_of_combination subset of matrix pairs (M„M 2 ). From 
each pair of matrixes create a new matrix according to any of several combination 
mechanisms. One of them is described in the following recombination rules, describing the 

5 "breeding" process: 

3.1 Calculate N integer random variables B i9 l</<5. 

3.2 The new matrix will be constructed out of the pair where for each vector 
(camera location) the first Bj elements will be taken from the matrix M, and the following 5- 
Bi elements will be taken from the matrix M 2 . 

10 Fig. 6 depicts the recombination process for a matrix of 5 cameras. 

Step 4 - Survivor selection 

Steps 2 and 3 created a set of up to 2S+S 2 possible matrixes which stands for the 
cameras' positioning and orientation, where S stands for the size_of_population variable. Out 
of this population we select a next population of size_ofjpopulation solutions or cameras 

1 5 positioning according to the following procedure. 

4.1 For each matrix calculate CL. 

4.2 Multiply CL by a random bias factor: CL B = CL*(urvP° wer - of - bias ) 

where urv is a random variable distributed uniformly over the range (0,1] and power_of_bias 
controls the effect of the random variable. If power_of_bias = 0, then CL B =CL and there is 
20 no effect to the random factor. 

4.3 Sort the population according to CL B . 

4.4 Select the size_of_population highest ranking variables as the next generation 
population. 

Step 5 - Selection of intermediate solutions 
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If the number of iteration for the simulated annealing is set to zero (iter_annealing=0) 5 
the highest rank solution (matrix) is the selected solution for the given number of cameras. 

If the number of iterations is higher than zero, then from the population of 
size_of population matrixes, select num__of_iter_solutions highest ranking matrixes as input 
to the next phase. 

Simulated annealing procedure to further improve three-dimensional coverage 
Algorithm local parameters: 

T = temperature 

Search radius = search radius around the reference solution. 
The algorithm's flow 

For each of the num_of_iter_solutions matrixes repeat the following steps 

inter_annealing iterations: 

Step 1 - Generate randomly a matrix in a distance (per variable) less than search radius from 
the reference matrix. 

Step 2 - Calculate the resulting coverage level CL^. 

Step 3 - if CL^ is lower then CL then the new matrix will be the new reference. Otherwise, 
the new matrix will be selected as the reference matrix with a probability of e ^ CLB,n ^ CL)n ". This 
selection mechanism allows actual searching of global minimum and prevents locking in 
local minimum. 



2) Optimization method: selecting a subset of cameras to meet a required coverage level 

In this case, the genetic algorithm is modified to handle selection of a subset of 
cameras out of a given set of cameras. Various cost functions can be used to sort the tested 
matrixes. In the following section, we describe the modified genetic algorithm. We 
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essentially describe the difference between the algorithm described earlier and the required 
algorithm. 

The coverage-cost criteria 

Discussing selection of a subset of cameras with several cost levels we have to modify 

the coverage level to include costs: 



CL C is the generalized quality of coverage. 

CL is the previously defined quality of coverage. 

CL 0 is a threshold level of CL. 

TC is the total cost of the cameras. 

TC 0 is a threshold level of the cost. 

r, depicts the relative influence of the quality of coverage as measured earlier. For 
r,=0 the actual cost of the cameras will be the only factor. Forr,»l, CL values higher than 
CL 0 have significant advantage. 

r 2 depicts the relative influence of the cameras cost. For r 2 =0, the quality of coverage 
will be the only factor. For r 2 »l TC values lower than TC 0 have significant advantage. 
The algorithm's flow 
Step 0 - init: 

Define the set C of available cameras, each with 6 parameters (adding camera cost to 
the previous definition) 




where: 
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Define N as an initial guess on the required number of cameras to meet the coverage 
generalized quality criterion CL C . 

Define randomly a set of size_of_population feasible matrixes each with N vectors (N 

cameras). 

5 Set the two-dimensional optimization parameters r„r 2 . 

Repeat steps 1-4 inter_genetic iterations. 
Step 1 - local search 

This step remains unchanged since the local search is done on the per matrix 
calculation and the cost component is not relevant here. 
10 For each matrix M out of the size_of_population number of matrixes, repeat 

Local_searchjteration number of iterations: 

1 . 1 Calculate the coverage level indicator CL. 

1 .2 Calculate the coverage level indicator CL for (N*5) differential moves, each 
defined by the size of relevant value in the differential_step parameter. 

15 1 .3 Calculate the cost of the system: the sum of the sixth column update. 

1 .4 Change the value of the matrix which generated the higher level of CL, the 
change of the value will be in the size of: new value = old_value - differential_step*(CL new - 
CL old ), where the differential step is selected to the appropriate variable under consideration. 

1.5 If(CL ncw -CL old )-0,stop. 

20 At the end of this step we have size_of_population. 

Step 2 - Mutation 

This step is the first step in the creation of matrixes with different sizes (variable 
numbers of cameras). 

2. 1 Location Change : For each value of each matrix (total of size_of_population*N*5 
25 values) determine with probability level of mutation_probability whether this specific value 
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will be changed. For each of the values to be changed, calculate a new matrix with the 
specific value according to the following equation: New_value=01d_value + random 
number. 

2.2 Add/Remove Cameras : Generate a random number out of a normal distribution with 
5 average \i and standard deviation a, add this number for the current number of cameras in the 
matrix and round the results. If the addition results is lower than the current number of 
cameras, select randomly the required number of cameras and remove. If the addition result 
is higher than the current number of cameras, add the required number of cameras selecting 
randomly from the set of feasible cameras C. 

10 Step 3 - Recombination 

This step creates matrixes with different sizes (variable numbers of cameras). 
Randomly select a number_of_combinations subset of matrix pairs (M„M 2 ). M, and 
M 2 can be of different sizes, N, and N 2 From each pair of matrixes create a new matrix , 
according to any of several combination mechanisms which can change the size of the result 
15 matrix. One of them is described in the following recombination rules: 

3.1 Generate randomly N new the number of cameras in the result matrix M. 
Without loss of generality we assume: N,<N ncw <N 2 . 

3 .2 Calculate N new integer random variables B;, 1 <i<5 . 

3.3 The new N, elements of the matrix will be constructed out of the pair where 
20 for each vector (camera location) the first Bj elements will be taken from the matrix M, and 

the following 5-B s elements will be taken from the matrix M 2 . 

3.4 The remaining N new -Ni elements will be constructed by randomly "breeding" 
the N new -N, elements of N 2 with random selection of vectors in M,. 

Step 4 - Survivor selection 

-13- 
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The above described process results in a variable size population, i.e., coverage 
solutions with variable number of cameras. The survivor selection handles matrixes with 
variable numbers of cameras as well. 

Steps 2 and 3 created a set of size of up to 2S+S 2 possible matrixes which stand for 
cameras positioning and orientation, where S stands for the size__of_population variable. Out 
of this population, we select a next population of size_of_population solutions positioning 
according to the following procedure: 

4. 1 For each matrix calculate CL C . 

4.2 Multiply CL C by a random bias factor: CL BC = CLc+Curv^- 0 ^ 115 ) 

where urv is a random variable distributed uniformly over the range (0,1], and power_of_bias 
controls the effect of the random variable. If power_of_bias=0, then CL BC =CL C and there is 
no effect to the random factor. 

4.3 Sort the population according to CLb C 

4.4 Select the size_of_population highest ranking variables as the next generation 
population. 

Simulated annealing procedure 

The simulated annealing procedure is done separately on each of the genetic algorithm 
suggested matrixes. As a result, these procedures do not need to handle variable sizes of 
matrixes. 

The above procedures can be carried out on any suitable computing device, such as a 
suitably programmed IBM-compatible microcomputer. An output (e.g., a display or a 
printout) can provide the optimized positions and angular orientations of the cameras, as well 
as the optimized number of cameras in the second embodiment. Those skilled in the art who 
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have reviewed the present disclosure will readily appreciate which hardware and software are 
required; therefore, such details will not be set forth here. 

While two preferred embodiments of the present invention have been set forth above, 
those skilled in the art who have reviewed the present disclosure will readily appreciate that 
other embodiments can be realized within the scope of the present invention. For example, 
while specifics of the genetic and simulated annealing algorithms have been set forth, other 
appropriate algorithms can be used instead. Therefore, the present invention should be 
construed as limited only by the appended claims. 
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What is claimed is: 

1 . A method for determining locations and angular orientations of a set of cameras to 
cover a predetermined volume, the method comprising: 

(a) determining a number of said cameras; 

(b) determining at least one intermediate solution through a genetic algorithm; and 

(c) determining a solution from the at least one intermediate solution through a 
simulated annealing algorithm. 

2. The method of claim 1, wherein step (b) comprises: 

(i) determining a plurality of random initial solutions; 

(ii) performing a local search around each of the random initial solutions to find a 
locally optimized solution; 

(iii) applying a random mutation to each of the locally optimized solutions to obtain a 

mutated solution; 

(iv) recombining the mutated solutions to obtain recombined solutions; 

(v) sorting the recombined solutions by coverage level; and 

(vi) selecting a number of the recombined solutions having the highest coverage levels 
for the simulated annealing algorithm. 

3. The method of claim 2, wherein step (c) comprises, for each of the recombined 
solutions selected in step (b)(vi): 

(i) randomly generating a new solution which is separated from the recombined 
solution by less than a predetermined search radius; 

(ii) calculating a coverage level of the new solution; and 

(iii) reiterating steps (c)(i) and (c)(ii) until a globally optimized solution is reached. 

4. The method of claim 1, wherein step (b) comprises using the genetic algorithm to 
optimize the number of cameras determined in step (a). 
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5. The method of claim 4, wherein step (b) comprises: 

(i) determining a plurality of random initial solutions, each using the number of 
cameras determined in step (a); 

(ii) performing a local search around each of the random initial solutions to find a 

locally optimized solution; 

(iii) applying a random mutation to each of the locally optimized solutions to obtain a 
mutated solution, the random mutation comprising a random mutation in the number of 
cameras in each of the locally optimized solutions; 

(iv) recombining the mutated solutions to obtain recombined solutions; 

(v) sorting the recombined solutions by coverage level; and 

(vi) selecting a number of the recombined solutions having the highest coverage levels 
for the simulated annealing algorithm. 

6. The method of claim 5, wherein step (b)(iv) comprises, when two of the mutated 
solutions having different numbers of cameras are to be recombined, randomly generating a 
new number of cameras which is between the different numbers of cameras of the two 
mutated solutions to be recombined. 
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